A h ydrodynamical t heory of t he ca thode diffusion layer based on t he assumption of a uniform density reduction at t he cathode surface is presented . By means of an approximate solution for t he flow and t he diffusion eq uations, t he layer dimensio ns, t he velocity distribu tions, and t he densities are determin ed. Further d erivations from t he solutions directly applicable to results obtained by t he freezing method are effected . The d ata of Brenner on copper and nickel baths a re considered. Usin g t he observ ed values of t he d ensity reductions at t he cathode surface, t he maximum width of t he layer, t he average d ensit ies for a given distan ce from t he cathode, and t he mobilities of t he ca tions are determined and co mpared with t he observations. The agreement between observed and co mputed values is regarded as fairl y sat isfac tor y .
Introduction
N either the cognizance of the phenomenon represellting the subject matter of the present paper, nor the statement of the basic causes producing it is original with us. Some 12 years ago , W. Blum, Chief of the Electrodeposition Section, National Bureau of Standards, described to us the cathode film phenomenon as a thin layer of moving material very close to the cathode surface and as being caused by the continued reduction of the densities due to electrodeposition. Since the phenomenon in question is also partly hydro dynamical in nature, he suggested that we should prepare a theoretical study with a view to determining the density distributions in cathode films.
Blum's first thought was that the film might constitute a seat of discontinuity in densities, since to the naked eye a line of demarcation between the contiguous layers of liquid near the cathode surface is distinctly visible.
The line of demarcation should be due to the different indices of refractions of the liquid layers on the two sides of the line. Thus, according to these ideas the flow n ear the cathode surface is in one or two layers having dissimilar densities with sharp discontinuities. But, despite the appearance of the region close to the cathode surface, the opinion was ventured on our part that the exsitence of the sharp discontinuities could not be shown on the basis of purely hydrodynamical r easoning. The basis for this opinion was the belief that the phenomenon in qu estion was essentially similar to the type of flow encountered when a heated vertical plate in the presence of cold air se ts up convection currents. Sin ce experience in this particular case does not show any discontinuities in temperatures, it might b e expected that density discontinuities would not b e present in the cathode plate problem. Unfortunately, du e to other pressing work at that time, it was impossible to proceed wi th a mathematical solution of t his interesting problem .
About 3 years ago , Blum r epeated his request for an analytical study of the problem, since h e was plannin g to resume the experimental investigation of cathode films. The computations that appear in this paper were completed shortly after the receipt of this request. M eanwhile two other papers on the subj ect, one by Agar rIll and the other by Wagner [2] , were publish ed. Since the present work proceeds on a mathematical basis different from these two paper s and since the work was conceived with a view of interpreting the results of A. Brenner, a member of the staff of the Bureau, on cathode film densities, it is hoped that some interest in the results achieved will develop.
In the present treatment it is assumed that the redu ction of densities over the vertical cathode surface is constant. On the whole the treatment is self-contained and is given in full detail. In general, the results shown are approximate and sufficient, it is believed, to evaluate average densities in a vertical plane parallel to the cathode surface. In a future publication it is proposed to investigate the problem of cathode films with the basic assumption that the density gradient at the cathode surface is constant and uniform, rather than the density.
. Molecular Character of Electric Conduction in Solutions
Certain fundamental relations of electrochemical import that will be considered during the course of the analysis are based on the ideas of Larmor [3] in the matter of electrolytic conduction.
Taking an idealized situation it will be supposed that the electrolytic solution is a binary system and that ionization is complete. In each portion of the solution the number of the positive ions and the negati ve ions is the same and the conditions are steady, that is, independent of time . At a point of the solution let the number of ions of each kind per unit volume be n . Measuring positive y horizontally away from the plane cathode surface toward the anode, let a section normal to y b e selected. Let dNI be the number of the cations and dN2 the number of anions crossing the section per unit area during time dt. The motions of the ions are due in 1 F igures in brackets indicate the literature references at t he end of this paper.
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~ part to the electrical force dP/dy , P b eing the electrical potential, and in part to the forces producin g diffusion. If UI be the specific mobil ity of the cations and kl the coefficient of diffusion of these ions, (1) and for the anions, in similar manner , (2) Sin ce there is no accumulation of electri city at a point, the relation between the electri cal curren t intensity, I , and the motion of the ions will be (3) where se is the charge on each ion. Applying th e principle of continuity of the ionic flows,
On the other hand , the curren t intcnsity remaining constant, from eq 3 and this together with eq 4 gives and
Differ entiating eq 1 and 2 with respect to y and using the r elations just given ,
: Multiply the first of these by U2, the second by UI , and adding the resulting equations, one obtains
Now t he form of this equation is exactly the form of the diffusion equation of an ordinary nonelectrolytic , solution. H ence, the changes in th e concentrations of an electrolyte proceed with t h e cliffusitivity con-
Geometrical and physical q1tantities relating to the diffusing laye?·.
As this relation holds good however slight th e electric current may be, it may b e supposed that the r elation holds in the limi t when the current is n il. Therefor e, D i the ordinary coefficient of diffu sion of the solution, and thus a relation exists connecting this coefficient with the ionic quantities, that is, with the specific mobilities and the coeffi cients of diffusion of the two ions. H the rela tions (12) ex ist, where 0 is a constant independent of the concen tration of the ions, then N ow, from the theory of electrolytic diffusion b y Nernst [4] we have
where T is the absolu te temperature and R the gas cons tant. Accordingly, the constan t 0 in eq 13 may be identified with the product RT in eq 14.
. The Equations of Motion and of Diffusion
Taking the case of a plane cathode surface, h eld vertically, a point at the lower edge may be chosen as the origin of the rectangular coordinate system (x, y ) (see fig . 1 ) . The positive x axis is drawn vertically upward and the positive y axis normal to the smface and into the electrolyte body. D enoting the velocity components along the x and th e y axes by u and v, respectively, the equations of motion are
where p is the pressure, I' th e kinematic viscosity of the solution, P the density, and g the constant of gravitational acceleration. These are the equations of motion used in viscous boundary layer theory.
The press ure must b e expressed in terms of t~e d ensities. D enoting the densIty of the electrolytIc bath at points far removed from the cathode surface b y PI , th e density near the s urface m ay be expressed by the r ela tion (17) where C:,.p is the deficien cy of the density in the layer . The greatest reduction of density is at the cathode s urface, that is at the plane y = O. Let the average value of 6.p over th e entire length of the cathode surface be denoted by c:"p m. The study of the densities in the layer is done convenien tly, as will b e seen later, by considering the ratio N ext will be considered the equation of diffusion.
In the presence of convective currents, the diffusion Another quantity important for the analysis is the effective gravity
Now, the second boundary layer equation, eq 16, states that in the layer n ext to the cathod e surface t he pressure along a horizontal plane r emains constan t . Moreover, all motions b eing nil in the main body of the bath solution , the press ures are hydrostatic and hence (20) where Po is the pressure at points in the horizon tal plane passing through the origin. Thus, 1 op
R em embering that c:"p is a small quanti ty and making usc of th e r elations in eq 18 
Boundary Conditions
The boundary conditions to be considered are of two kinds. One kind relates to the velocities and the other to the densities, the latter having electrochemical implications.
The boundary conditions to be assigned to velocity components are the most obvious ones. The solu tion or the liquid of the film being viscous , u and v vanish nt the cathod e surface; that is u= v= o, y = o. (27) To state the condition for the velocities at large distances away from the cathode s urface it is necessary to introduce first the concept of the boundary layer thickness (see fig. 1 ). The boundary layer thickness, Ys, is such that the density of the solution at tIllS distance fr om the cathode differs only imperceptibly from the d ensity of the bath . Since the movement of liquid in general is nil in the main portion of the bath, a second condition for the velocities is u=o,
It is obvious that the thickness Ys of the boundary layer at the lower edge of the cathode surface, that is at ),= 0, vanishes. This means that the liquid moving upward in the film must be replenished by a later and horizontal movement of the bath solution into the film region. Hence y = y., .
The assumption of vanishing velocities in the bath in the vertical direction is an idealization. Under the actual conditions of experimentation, arbitrary movements in the bath may be present even when forced 95757Q-51-3 agitation is not resorted to. Since the movemrnt of liquid in the film next to the cathode surface is upWal d and in the film next to the anode downward, it is obvious that a circulation is induced in t he bath liquid. Due to accidental variations of temperature at places the regularity of the circulatory motion will be dist urbed and will give rise to weak: eddying motions. These will be most noticeable near the upper s urface of the bath and close t.o the cathode. Such accidental distmbances can be imagined to have only minor effects on the main motion in the film and thus will be ignor8d.
The boundary conditions that are to be assigned to the densities are not obvious, especially t he one relating to the value of the densities at the cathode surface. R egarding this, it seems that two different statem ents may b e made depending on whether the transmitted electric current is of the limiting valu e or is inferior to this limiting value. Taking the case of weak electric currents, we may consider the question of the densi t ies at the cathode s urface as follow s:
Assume that the ionic system is binary and ionization is complete. Since at the cathode surface, that is at y = O, dN2/dt = 0, eq 3 gives and thus eq 1 and 2 now become and
where n is the number of ions of each kind per unit volum e. E liminating the potential gradient between these two equations and making use of eq 11,
This is the relation between the electric current intensity and the gradient of n at the cathod e surface.
It is desirable that the quantity n in eq 30 be replaced by c, the latter b eing defined as the gram equivalent of the salt per cubic centim~ter of the solu tion. In a unit cube th er e are n catIOns and n anions each of ionic valence s, and the system is completely ionized. Introducing N, the Avogadro number, the molar concentration is n /N and h ence th e concentration in gram equivalent of the salt per cubic centimeter of the solution is ns c=N'
and eq 30 now becomes
Since eN is the universal constant F, with the numerical value F=96450, and with the dimensions coulomb p er gram equivalent, (32) Th e sam e condition may b e expressed in terms of den sities instead of concentrations. For the majority of electrolyte solu tions the variation of densiti es with th e con cen tration is lin ear ; that is de dp = m . 
This is th e r elation b etween the intensity of th e electric current and the gradient of th e density at a point of the cathod e surface. It is the only relation that may b e d erived on the basis of simple con cepts of an electroch emical nature. Accordingly, we are not cer tain of the state of th e densities at the cathode surface for the present. Two simplifying assumptions may b e made. First, it may b e supposed that the current intensity is uniform at the cathode surface . The r esulting boundary condition would b e that the density gradient is uniform at the cathode surface. Second, it may be supposed that the density is constant at the cathode surface. For the present analysis we shall adopt th e second alternative simply for the reason that the corresponding analysis may be completed with ease. Thus it will be supposed that, 
The set of equations 27 , 28, 35, and 36 constitute the boundary conditions to be considered in solving the set of equations 23, 24, and 26. Since the relation implied in eq 34 is valid for all condi tions, it may be used to consider average effects. Expressing P in terms of a through the use of eq 18, multiplying th e two sides of the res ulting equa tion by dx, and integrating between x= O and X= ll, where It is the length of immersion of th e cathode surface,
where now I is the average intensity of th e electric current measured in amperes per square centimeter. W e sh all use this rela tion to compu te th e transport number of copper ions taking our data from the results of the Brenner experiments.
. The Dimensional Form of th e Basic Equations
The solution of th e basic eq uations subj ect to th e boundary conditions indicated above will be greatly simplified if th e equations are ch anged in to forms involving dimensionless quantities only. The clue to th e proper course of analysis may be found in th e m ethod of Blasius for treating t h e viscous boundary layer of plates in a current of air.
The limiting values of the den sities and th e velo cities b eing uniform at the boundaries of the cathode film or of the diffusion layer, it is to b e expected that the dis tribution of the velocities and of the density reductions in different normal sections are affine to each other. The affinities will be establish ed by th e introduction of the characteristic len gth 0 and the characteristic velocity U, bo th of which are functions of x only.
Introducing the stream function if; , su ch that oif;
the condition of incompressibility, eq 24, is automaticallysatisfied. In terms of the stream function th e equation of motion, eq 23 , and the eq uation of diffusion, eq 26, transform to ann
Introducing th e n ew variables (61 ) where A and B are constants involving the physical characteristics of the electrolytic solution. Substituting these expressions in eq 57, 58, and 59, eomparing the powers of x and the coefficients for th e individual equations, the comparisons yield where Ail and 1 112 are num erical constants. In view of these provisional r elations, the t wo equations simplify to (55) and (56) In fact, the provisional equations 53 and 54, determine the dependence of the characteristic velocity U and the characteristic length 0 on th e variable x. The provisional equations 53 and 54 imply (57)
For sim.plicity subject to the last derived eq uations, we m ay pu t 1 111= S ubstitutin g the values of 1 111 and 1 V!2 as found above into eq 55 and 56, these simplify into (69) and (70) which are the equation of motion and the r quation of difl'usion expressed in dimensionless forms.
In terms of th e new variables, the velocity componen ts u and 1) are, using eq 38, 45, and 46, 
and the boundary conditions are
The two equations 69 and 70 become the basic equations for the problem of temperature variation of a heated plate placed vertically in a cool air bath, when (74) where T is the temperature near the plate, To the temperature of the plate, and Tl that of the cool air, and the parameter 'Y is replaced by
where k is the thermometric conductivity.
Goldstein [5] has discussed the Pohlhausensolution of the heated plate problem and the equations considered are similar to eqs 69 and 70 , when allowances are made for the variations in some of the coefficients. Thus, in the two basically different phenomena of the diffusion layer near a cathode plate and of the conduction layer near a heated plate, the corresponding parameters 'Y and (J play identical roles. The latter is well known as the Prandtl number. The former will be called the diffusion parameter for the present, since it is a dimensionless number expressing the ratio of the kinematic viscosity to the coefficient of diffusion. In forming the numerical value of 'Y, both D and v must be expressed in square centimeters per second.
An Approximate Solution of the Basic Equations
Since an approximate solution is adequate for the present objectives, it is hardly necessary to effect a rigorous solution of the two equations, 69 and 70. To prepare the way for the approximate solution, it is necessary to introduce the boundary layer thickness y., which is a function of x. To the distances y and y. correspond the parametric 78) and (7 9) with the bounrlary conditions A 1 = --· 281) .
The expressions for 1). and Al as given by eq 86 and 87, respectively, and the expressions for a and H as given by eq 82 and 83, respectively, constitute the first approximate solution of the diffu sion layer problem based on the assumption t hat the reduction of dens ities, or concentraLions, at the cathode surfacc is cll1iform.
. Thickness of the Cathode Diffusion Layer
Inasmuch as the diffusion parameter 1' = vlD is ordinaril y a very large quantity, it is sufIi cient to write in the place of eq 86
Introdu cing the value of Ys from eq 76 and the value of 0 from eq 68 , we find first and next introducing the value of G from eq 19 Ys = 3.33(~)1 /4Xl /4.
gtJ.P m'Y (89)
This is the expression that gives the thickness of the diffusion layer along the cathode surface (Sec fig. 2 ). The thickness is not uniform, but increases from the zero value at the lower edge of the cathode surface to a maximum at the upper end of the cathode surface still in contact with the electrolyte . The rate of increase of the thickness , however, is very gradual due to the fact that the thickness if proportional to the one fourth power of x, the distance from the lower end of the cathode. Again at a chosen point x the thickness of the layer decreases when tJ.Pm, the maxim.um reduction of the d ensity at the cathod e surface, is increased . Since t he decr ease of density at the cathode s urface is proportional to Lhe electrical c urrent d ensity, when the lattcr is in ferior to iLs lirniting value, it is Lo be cx pected thaL a decrease in Lho intensity of current will cause the thickness of the diffusion layer to be augfT1.enlcd.
Having established the magnitude of the diffu sion layer thickness, it is of interest to inquire n ext into the normal den s ity gradient at the cathode surface. The variation of the den si ty graciien t will b e b est understood if it is expressed in terms of the average cl ensi ty grad ient, the averaging b ein g m ade over the e11 Lire cathod e surface. In view of eq 18, the quantity 
which gives the proportionate variation of the normal density gradient over the cathode surface The variation is shown graphically in figure 3 . In the sec tion of the cathode from x/II = 0.2 to x/II = 1.0 the ratio is nearly constant. This circumstance assures the utility of the present solutions even for the case in which the normal concentration gradient is strictly constant over the entire surface of the cathod e, provided t hat on e deals with the aver age values of the densities in the planes close and parallel to the cathode surface.
If the diffusion layer thickness at x= lt, that is at the upper end of the cathod e surface just in contact with the bath, be denoted by Ysl, then the average value of the normal density gradient, expressed in terms of th e maximum density r edu ction, is eq 71 may serve , in view of eq 77 , 83, and 87, to give the distribution of the velocities in a normal section of the diffusion layer. There is, however , another method for representing the velocity distribution. Moving away from the cathode surface in a normal section, U is zero at the cathode surface, increases to a maximum value U rn, and then decreases to zero at the limit of the boundary layer, that is at y = Ys. 
Accordingly, the maximum valu e of U in a normal section changes from one section to another and increases with the one-half power of the distance from the lower end of the cathode. The graphical representation of the dist ri bution is given in figure 4 .
N ext consider v, th e velocity componen t normal to th e cathode surface. Th e velocity can be written from eq 72 as do [ dEl] v= -u dx 3El-." ([;J . 
In view of the values of U and 0 from eq 67 and 68,
Substituting the above r esult in eq 102 and also introducing the value of Al from eq 87,
Accordingly , the liquid of th e bath moves horizontally in to the cathode diffusion layer. The velocity with willch the liquid approaches the cathode surface is variable alon g th e length of the cathode surface, the maxim.um value occurring at the lower end of the cathode surface. After a certain elevation is reached the variation in the value of Vm ceases to be pronounced .
-. ----~---~-- The representation of the dis tribution of v in a normal section of the layer is most conveniently done by consid ering t he ratiD v/vm . Now,
or in te rms of (J , 
The graphi cal representation of the d istribution is shown in figure 5.
The Brenner Freezing Method and the Laminar Mean Densities
In the Brenner method [6] the electrolytic solu tion near a cylindrical cathode is s uddenly frozen , s uccessive layers of the solid of 0.003-to 0.004-inch thiclcness are carved off on a lathe, and the compositions of th e layers are determined . Thus, in thi s method the average concentration or the average density of a lamina of thickness dYI, of distance YI from the cathode and of length II are determined. Accordingly, if theoretical results are to b e compared with the observed results of th e Brenner experiments, it becomes necessary to derive a formula giving the average value of densities of a lamina of distance YI from the cath ode surface , Since, according to th e presen t solutions, the density reduction at Y= YI is given by the relation
(from eq 82) , then
It must be remembered in effec ting the integration of the second integral of the righ t-hand member , that Yl is held constant. Putting and (110) It is seen from the law of t he layer thiclmess, eq 89, tha t and thus, 
For convenience, we may write (115) and hen ce ,
Since (31 = y J/YsI, we have also (117) This is the desired formula that will be used in analyzing the experimental data of Brenner . It involves the average reduction of density over a lamina, the average maximum redu ction of density at the cathode surface, the distance of the lamina from the cathod e, and th e maximum thickness of the diffusion layer . The determinat ion of the function F ({31) was carried out by replacing the term sin (7r/2 ){3 appearing in the integrand by a power series in (3 and then effecting the integration , Th e results of this determination are given in table l.
An Analysis of the Results Obtained b y Brenner with the Freezing Method
Th e comparison between the results of th e presen t analytical theory of th e cathode di. ffusion layer and the r esul ts of the Brenner experim ents on the reduction of the densities in the diffusion layer will b e carried out along th e following lines. First, from th e observed values of the r eduction of density at the cathode surface, /1P m, th e maximum thickness of the diffu sion layer , VsI, will b e compu ted and compared with the observations. Second, using the same observed values of /1Pm, the ration /1p' //1 Pm will b e computed for the dis tance YI, and these will b e compared wi th the obser vations. Third, /1Pm will be compu ted from a consideration of th e electric current in tensities used in the expeiments and will be compared with the observa tions. .7099 LO LOooo . 5 . 8180
~ The Brenner [6] r esults r elate to electrolytic b aths of copper sulfa te and nickel sulfa te. The baths actually used were not pure binary systems, bu t this fact will be ignored. The complete data from the Brenner tes ts are collected in figure 7 , ancl smooth curves are drawn thl'ough the points of observation. Th e extreme values Po and P I of the densities are r ead from the curVC's . Th e differences ( PI -Po) give .6.p m, the average maximum reduction of densities at the cathode surfaces. Th e difference ( PI-p' ) , where p' is th e observed vn, lu e of the densities eOl'l'esponding to th e distance YI gives .6.p' , th e average r eduction of the densiLi es corresponding to th e dis tance YI All th ese quantities, together with the ratio .6.p' /.6.P m, ar e entered in table 3 .
From the observed values of .6.p", and PI the maximum layer thickness, YSI, ma~T be comp uted fro m t he theoretical form ula in eq 89. However , the use of eq 89 for this purpose requires that the parametric diffusion number, "I , be known. This number inv?l ve~ the ratio of the kinematic viscosi ty iJ., to the dIffUSIOn constant D , for each of th e two electrolytic solutions. The viscosities of the electrolytes may be determined from the normalities using the Arrheniu s [7] formula, where iJ.I is the specific viscosity of a normal solution referred to the solvent at the same temperature iJ. is the specific viscosity of the solu tion havino-th~ normality N . Wagner 18] gives iJ.l = 1.358 for c~pper sulfate and iJ.1 = 1.361 for nickel sulfate at the temperature 25° C. Th e normalities of the bath solutions in the Brenner tests being 2 and the densities about p= 1.151 , the kinematic viscosities of the two solutions are practically equal and so iJ. = 0.0144 cm 2 /sec. R egarding the rlifl'usion coefficient D , the Thovert [9] values for copper s ulfate ma~T b e supposed to apply as well to nickel sulfate. For copper sulfate at a ten perature of 17° C , N = 1.9 5, the diffusion coefficient is D = 2.66 X lO -6 cm 2 /sec. Hence the value may be lIsed for the two sol u tions. As regards the cathode immersion length tl , we take it to b e 10 em , this being the valu e comm unicated to the author orally by Brenner .
Using the above-mentioned values of tbe p ertinen t quantities th e magnitudes of the maximum layer thickness were compu ted from eq 85, and these are shown in table 4. Al so t here ar e given in the table the obsen T ed values of the same quantity as read from tbe curves in fig ure 7 . At instances equ alling t he n axin um layer thicknesses the average densities eq ual the bath densi ties. Ther e is some difficLllty i.llI r ----.,-----r=-.--
. . in identifying th e exact magnitude of the maximum layer thickness from the curves of figure 7. If this element of uncertainty be ignored , the agreement between th e theoretical and observed values may be judged to be fairly satisfactory. The second question to be considered is the dist ribution of the mean densities in the layer itself, t hat is the variation of D.p' / D.prn with YI /YSI' The observed proportional density r edu ctions for a given relative distan ce are given in table 3. The method of determinations is obvious from the contents of the various columns. In forming the ratio y I/YSi) t h e theoretical values of Ysl are used . Valu es from the table are plo tted in fi gure 8. The curve drawn is th e th eoretical distribution and is the plot of eq 117. Again the agreement between observation and t heory may be judged to b e fairly satisfactory.
Tllf~ third question t o be examined is th e depend- ence of the average density gr adien t at the cathode surface upon the intensity of the elec trical current . This question deals wi th the elec trochemical boundary condition represented by eq 37. Since the average gradien t according to eq 95 is eq 37 may be ch anged to This relation m ay b e examined in two ways. If the transport nwnber of the cations (nickel and copper ) are known, the relation m ay be used in computing D.P rn, the average density reduction a t the cathode. Or, using the observed value D.Prn , th e transpor t num bel' of t he cations may be determined. The second method will be used here. Substituting these values in eq 118, it is seen that (120) Accordingly, the transport of the cations, nickel, is n c= 0.644, a value very close to the generally accepted value determined by other methods. Thus in this respect also there is agreement between theory and observation. Another element of the theory that could be examined with considerable signficance is the question of t.he vertical velocities. Unfortunately in the experiments of Brenner this matter was not touched. To give an idea of the order of m.agnitude of the velocities involved, we n1.ay compute the maxim.um upward velocity in a normal section of the diffusion layer using eq 99. Consider the case of copper sulfate. Corresponding to the current intensity of 1 = 4 X 10 -2 amp/cm 2 , the densit,y r ed uction at the cathode surface is t.p ", / Pl = 5.31 X 10-2 • Sin ce Vy = l. 74 X 10-4, the formula gi ves for maximum velocities Thus at a point x = 10 em, U m equals 2.48 mrn/see. Th e discussion presented above must lead one to t he following conclusion. The approxim.ate analytical theory of the diffusion layer based on the assum.ption of a uniform density r ed uction along the entire cathode surface gives fairly satisfactory res ults regarding the maximum. width of the layer , the average densities in planes parallel to the cathode surface, and the transport number of ions. Brenner is now engaged in further work on the variation of densities in planes parallel to the cathode surfac e. Information of this kind may possibly point to defects in the present theory. In that event it might be necessary to base the theoretical investigation of the problem on the assumption that the gradient of the density and not the density is uniform. along the cathode surface.
The author expresses his sincere appreciation to W-. Blum for the guidance shown in the beginning of the investigation, and to A. Brenner for advice given during the progress of work. Thanks are due also to K. Hilding Beij, and to John L. French for reviewing the paper.
